5.783,083 



VERTICAL CYLINDRICAL SKEIN OF 
HOLLOW FIBER MEMBRANES AND 
METHOD OF MAINTAINING CLEAN FIBER 
SURFACES 

BACKGROUND OF THE INVENTION 
This is a continuation-in-part appUcation of ^f Q ™ 
n*/514 119 filed Aug. 11. 1995 U.S. Pat. No. 5.639373. 
SSm i u sed to toe parent case are summarized in a glossary 
S to^n the specification; and. «o avoid rep**>n 
h«rin additional details in the parent case as well as ui 
So^^cation Ser. No.60/012.921 filed Mar^ 
1996 are incorporated herein by reference thereto as * : W 



of which is incorporated by reference thereto as if fuUy set 
X hereto. ThTrelativdy poor performance obtained by 
Samoto et al was mainly due to the fact that they did not 
realize the critical importance of ^tauung flux by aerat- 
5 ingaskdnoffir«sfromwithmandbene<^mestem.They 
2d not realize the necessity of thoroughly scabbing sub- 
f^SyTe entire surfaces of the fibeB by flowing bubble 
Zu/the skein to keep the fibers awash * *^es/T* s 
r^ment becomes more pronounced as the number of 
io fibers in the skein increases. ...... 

Tests using the device of Yamamoto et al indicate that 
wbVn toe *is provided outside me skein the flux decreases 
SfasteroveraperiodofasUtaeasSOh ^fT»£ 
results obtained by them. This is evident in FIG. 1 descnbed 
resuiww u«uuv / oranhs show results 
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55 ^h^larticular. considerations relative tothe ^^^S^^ma the graphs show results 
SoVart and details of operation of prior art devices. aU of *^ a *'^^ oto et „. and the '424 array, as well as 
wh!chhavebeensetfcrthu.the ' 119 parent and prov^ond JJ^J y ^ skein « whic h the headers are 

w »? . _. , >.a hv reference thereto as ^ ™ ^ ^ assemblies using essentiaUy identical 

fibers under essentiaUy identical conditions. 

The investigation of Yamamoto et al with downwardly 
suspended fibers was continued and recent developments 
wSatedin an article titled "Organic Stabilized 
NitrogerRemoval in Membrane Separation Bweactor for 
Domestic Wastewater Treatment" by C. Ctaemchaisn letal 
dXered in a talk to the Conference on Membrane Tech- 
SEjt Wastewater Management in Cape Town. Sou* 
am«L Mar 2-5 1992. also discussed in the '424 patent. 

flow of water in alternate directions, was essential 

Jt is evident that the disclosure in either *e Yjur^otc jet 
al or the Chiemchaisri ct al reference ^^^^ 
of air across the surfaces of the suspended fibers did Wile or 
nothing to inhibit the attachment of microorganisms from 
the substrate. 

Later, in European patent application 0 598 909A1 filed 
by Yamamori et al. they sought to avoid the praUem of 
build-up on the fibers by "spreading the hollow fibers^ m Jhe 
form of a flat sheet" (see page 4. lines 46-7 and .text is ^o 
M indication how the fibers would be maintained « » spread 
40 position in actual use. Further, each array is held ma 
Structural member for enclosing and supporting the fasten- 
££2* («e page 3. line 42. and lines 51-52) winch a 

cAtran^j. -■> ,. , contrary to the concept of a frameless array. Their HOb. m. 

The side-to-side displacement of M "^ a *^°" 4 , emphasize the horizontal coimguration to which toe 

of each fiber within the "zone of confinement or «bubble « ™£ £g* ^ nG . 13 depicts how the 

zone" is restricted by the fiber's length The *A»""g £2. JduM trough when the array is taken out of the 
of the fibers herein mirdrrdzes (i) shearing forces where rhe J^Kbe "Xated" or shaken. A prior ar, tjnojjej. 
upper fibers are held in the upper header. 00«»»« EatedtorlG.16showtogb<)men^ofeachfibCTrx«ted 
rotatJon of the upper portion of the fibers, as well as (u) £ us ™^ header . ^ fiber forming a loop, the looped 
«c«sive abrasion between fibers. Such swayingmotion of » « » ^. the data in FIG. 17 shows, use of the 
Xr with side-to-side displacement is distinct fromvrtw- enfc ^£ ca ? module with looped ends freely movable 
tta which occurs when a fiber is taut tot £ Jen «£ ^ u £ ttate , was i«s effective than me frameless array 
length of the potted fiber exposed to substrate is notlonger fibers shown in FIG. 1. 

than the distance between the opposed faces of iwwuj wl *» 
lower headers holding the fiber. Such vflwahon is induced by 5 5 
StaSffW for exfoliating and precu,itaUng 
particles in VS. Pat No. 5.209.852 to Sunaoka et al. Unlike 

the fibers held in me module used in the '852 P roce "- m o ^ me appoml law 

activated sludge in a btareactar. is ^mbed in an aruc^ ^^on 0 f fibers through which bubbles 



which have been set tonn hub ^ — r - • 
apjucations. are incorporated herein by reference thereto as 
if fully set forth herein. 

This invention relates to a membrane device which isan 
uuprovement on a frameless array of hollow fib« men* 
3es and a method of maintaimng clean fiber surfaces 
while filtering a substrate to withdraw a permeate, whichis 
2 toe sublet of U.S.Pat No. 5.248.424; and, to. method 
of forming a header for a skein of fibers. 

This invention is particularly directed to 
systems for the miaofiltration of liquids, and capitalizes on 
*e ilicity and effectiveness of a conng™ which 
oLpenses with forming a module hi which the fibers are 
ied As in the '424 patent, the novel configuraUon 
efficiently uses air discharged near the base of a skem to 
Sucebubbles in a specified size range, and to an amount 
Chough to scrubtoe fibers, and to provide cc*troU«l 
sobbing of fibers one against another ("inter-fiber 
Ebbing"). Unlike in the '424 system the fibers in a skein 
«S anTdo not present an arcuate configuration 
at^e a horizontal plane through .tta .horizontal cenW-hne 
of a header. As a result, the path of the 
eeneraUy parallel to the fibers and is not crossed Ibytte fibers 
of a vertical skein. Yet the bubbles scrub the fibers. 

The restricted^ swayable fibers, because of their defined 
length, do not get entangled, and do not abrade each other 
excessively, as is likely to the '424 array. 
The side-to-side displacement of an intermediate portion 
. ... .... «f rnnfinMnent" or "bubble 



SUMMARY OF THE INVENTION 
Jt has been discovered that for no known reason^ fibers 
which are more man 5% but less than 10* longer than the 
faed distance between the opposed faces of *e headers of 

. ... . ^_ _t ff «♦ faw and those llnb 
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3 BRIEF DESCRIPTION OF THE DRAWINGS 

' ^rbS^SSS: ^ foiegoulg and actional objects and advantage of 
ta ^^n?bS^bWe^fan oxygen-containtog JJStaL will best be understood by reference tothe 
^fto^^Sofntoobes unexpectedly fails to detaUed description, accompanied * 

SldZ^h o?Caobes on the surfaces of swaying s rf ^ embodiments of the ^enUon^ 

bec^sTthe surfaces are "vertically ajr-scrubbed. aiustxations like reference numerals refer to uke 

£££ TLmate and/or inanimate parades _upo Mte ^ m which: 

of flM«e BriniBited wte. Ibe nrinctodky eK Wch ^ variatioD of flU x * plotted 

2ft£n «kept awash in codirectionaUy^mg bubWes FKK 1 u ; a *«p^ ^ curve s fox three runs 

wU^withslffldentvelc<itytoexertat*ysicalscru^ 10 ^ ™ three maaA a^ys. in each case using the 
uStoL (momentum provides the energy) to keep the made ™*^f the identical membranes and the same 
S XtS -^fiStS- rmCr^rf- area. The results ^nf by Y— o 

uneroectedly high flux is maintained in fibers over each unit ™ plotted as curve 2 (under conditions modified to 
S^^rface 7ct the skein fibers over a long penod. «J benefit of doubt as to me expenmenUd 

W-eas-scrubbcd assembly" comprising a skein and a 15 as explained below); the flux stained 

J&£*?«~*. the skein preferably has a surface ^^JSaStted assembly of the '424 patent jsAown 
£ «U*b at least >1 m 2 . and opposed spaced-apart ends usingm g ^ using a gas-scrubbed 

2 Sbe« Tare secured in spaced-apart headers, so that the as curve ^ u ^ ^ 3 The 

fibl w^^oyed in rhe substrate. «^J«g SSK, ^gas-scrubbed assembly are rectangular par- 

3S o bubbles. The length of fibers between opp*ed ™££££SU upper and lower end-cap Integra 

Se S of headers from which they extend. h S£each of which is directly potted an array of fibers 

raZfrom at least 0-1% (percent) longer fcan the.Ustance headers^ <a ^ ^ ^ to ^ waU of the 
bating those opposed faces, but less than 5* tonge* 25 f n ^^^ t a gas ^ ; permeate is withdrawn separately 

Sytoe l<=ng*Tfibers is less than 2% "J™? £m aXwer^ers and the draw from each 

SL less than 1% longer, so that sway of the fibers is ™evrK*r^ withdrawal manifold. Except for the 

SoH'wMun a vertical zone of movement, the periphery on ^ floor of the tank, or otherwise 

wMeh rone is defined by side-to-side movement of outer ^^^'Xrate. the skein is unsupported during 

" ^.^^"isn^t-notsu^excep. 

silently larger zone than one defined by meprojecteaareaoi ^acer means to space the headers' . 

Jf £S upon the other. Though *'£™*J££» nG^TTbottoTplaa view of a potted array held as 

headers is fixed during operation Pjjg a ^^^^8 form, before the end of the roll " 

adjustable to provide an <^T^ of fiben ' ^ 35 a ring, so as to form an integral header in which rhe 

"iSrSSSr^ — t ^^fa^planviewofaseriesofpc^ 

space the low « * = s ^ 0 f a gas-supply means 45 S-Uke (that is. as successive chords in *« ^resin- 

«PP° J^^^ Tn^loe^yTinten^y £2ung ring) before the stack is potted in 

which supples de ^l=!L_ ieat e withdrawal tube axially 3and 3 A area cross-sectional view schematically 

i^l^vZ^te^V^****?? rTsed paraUel fibers secured near their opposed tenmiud 

nffStK^tetofflm.loconu™^ , eXb^n spaced apart cards. TypicaUy. 

lt5SS!*toil*»«teWi«»2 55 array whh a Urge number of fibers is rolled up before bemg 

o~.f«.Mv for maximum utilization of space on a neaocr. seaU entially potted. . ,. . . 

* 55 2 SiS^ in a spiral pattern by rolling a S ^™^ tes a ^ elevational view of a cykndncal 

teeSyTmoT^^andpooangeachendof toe spn* ^ ^ ends of the fibers o t M^J-g* 

n x^iiv in a cvlindrical resin-confining means. Such »» clamped to a panel coated with a release 

f^^^^^^^Z " &o7J*rr detail how a finished header is 

tfriW^ilf^^V. ^isasideelevaaonalviews^ymus^ 

Ld-cat Wither directly potted in an end-cap- ma ^ 6 ^ lbodilnent of a cylindrical skein m which a 

STtoen secured in an end-cap. an mtegral hwderjs ^ e ^ onaU f ^ he aderis hendinaperrr^ and 

^Li Since a cylindrical skein in use. requires an end-cap 65 convenuo > from the lower end-cap mto the 

2^*.^^^ ^nd^rough a rigid permeate tube inserted 

be referred to hereafter as an "end-cap for brevity. h~ 
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^aXmeate condor tube are held in SKLtaJ chain carboxylic adds and pathogens); (.v) 

m*rtft the upper and lower headers so that the permeate coUuds 1 °°6 C J*^ ^ nent in biotechnol- 
r^ionsTsTspacer means, and at the same ume. a, ^ ^^^^^^ofn^^^^^ 

a suDDOrt for the upper end-cap. filtration of oily wastewater, inter alia. 

TS 7 is a side Stioual view schenuticauy flluswdng £ is configured so that all commons 

acytodricdskeininwhicharingheadetisfor^firstThe W > „ leavin g the skein are f^idedm the 

S?^thensealedimoanend-eap.Inad<ht.ontoae f™ hcad „ r^eate is most preferably w.*drawn 

Satetube a rigid air supply tube is inserted through the «W« m through the upper header whether () 

^TJ^J^^^^^^Z SerScouLnop^meate^ 

SKl *e lower>tion of the air supply tube being J e J^ attcollects m both the upperand lower header 

retted to the lower header, thus functioning as a spacer ^ u ^; tiaUy drcumferential geometry of the potted 

52 and at the same toe. as a support for the upper J^-J", determined by a 

"S*. illusively shows another embodiment of the « ^^^SI^K^b. 
tohjKj««« tube is concentrically disposed i nce „uic arrays, or in plural flat arrays ^arranged 

S„ theTsuDDly tube, and both are potted, near their £ d ute ta ^ potting ring. After potting, a star-shaped 
^ e ?ds to theKerheader. Ports in the lower end of the sh 7ped ias-distribution means is positioned 

T&EIm****"*****""- . K Tbase ofTLin fibers. The 
«?! » i7rDeBpecUve view schematically illustrating a 20 tts m a substrate held in a reservoir at atmosphmc 
™ f in which the upper headers are ^ ffe or above in the range up to about 10 atm ma 

Co«eS JcL on the vertical wall of a tank and the vessel, wimout being confined w,dun the shell 

l T^T«mei^ * ° f On^tre arrays are substantia.* concent ^d 

^iSlwe.ofmebioreac.orshowninFIG.U ^s^r^^^ 

sh S 2 how multiple banks of ske ins ■ ^ J-Jjg SSS5?2 emciency of a s4n which does so 
atoundmedr(^erenceofAeb,ore»dortof^a^e and« economically. 

permeate extraction lone while a 15 ( ^iKg tt ambient pressure, mounting (he integral 

& in the central portion with the help of baffles uJJ^Z skein within a reservoir of substrate, andby 

FIG. 13 is a bar graph showing flux (liters per meter 2 per headers or ^ ^ to bubble 

hour LMH) as a function of me orientation of a ska* 40 aUowmg ^ ^ ^ge ,<, the fiber* 

HO 14 s a graph in which flux is plotted as a function " seOTes „ least 10> preferably from SO* 

of toe during which a vertical cylindrical skein is aerated ^ ^y * least 0.5 m ta» » . |*ein- 

J Instant flow rate of air provided in one instance by 0 lhWlBteIM for filtration of the substrate, 

external aeraUon. and in another instance, by internal aera- ^ ^ ^ ^ How ^ ^ Densely Packed 

tion. t . The fibers divide a reservoir into a "feed ione ana a 

HG 15 is a graph in which flux is plotted as a function 2onc referred to as a "penncate wne . The feed 

rf for toe farat cylindrical skein used in two different ™ . externally (referred to as outside- 

tSEZSSS, -justing »e «~ «> J-* „ f ^ fibers -delved to«^c -d 

Se^eadTrs; the first embodiment having spaced apart con- ..^^^ e " streaim.Theskem.ee a bank o^ Snwto 

IS rt the maximum distance to provide taut fibers. 30 tion „ most preferably used for 
IT rtVofeer having headers spaced closer together to . Wde _ m » flow . Though at least one skein is f^eaMy 

S skein is abated at a constant flow rate of m. ^ ^ up to about 100 ^ « « ^a^nk of 

EMBODIMENTS ^ more typicaUy a pond or tank. Most typically, a bank 

The Cylindrical Skein and the Arrays ; which form .* JXalbantowith collection means for the permeate, are 

The cylindrical skein of this toventoonmay be «^ « » ^ undcr atmospheric pressure, and 

Uqnid-Uquid separation process of choice and more ™unu* m from the tank. . 

WneraUy in various separation processes. The skew* 60 permeate „ f skeills « p]jiced wtthin 

^eSly adapted for use in miaofiltration proces se . wd Wh« - bank «p ^ ^ ^ ^ p«r»eate 
^remove large organic molecules emulsified o^anicliq- a took ormewca ^ to ^ a ^ end tank;, 

uids and cofloidal or suspended sohas.^uaUy from water „ ^ or lural banks may be pitted witlnn 

Typical appUcations are (i) in a membrane bioreacto to J™^^^^^ (md ^ disposed of ; or. 
riSuce F^neate as purified water and recycle b»°m^or « ^ b ^^ ^ used in conjunction with a b.oreactor. 

permeate removed, and si., disposed o, 
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r^icrofilnation. namely in the range ^ "J^™ £ 5 the x- or the y-axis. because the fibers are loosely held 

'^^^^^^^'t %^SreachU^a lh ^ is prefer^ c^ecuypo^ 

aSS!W5«0 in which the <*^**£& u Sgof Xb" Serial from which the ^oia*£ 

deferred fibers operate with a trar^imar^ pr«s^e »«J» b ^ remove<J . no gasket a <^ 

differential in the range from 7 kPa (1 1^ <"*2 £ f ^ t0 as .. gasket iess") between the cured resin ofthe 

Td are used under ambient pressure ^permeate rett^ Md te ^ periphery ofthe ring. When toe nigral 

wMidrawn under gravity. The fibers are chosen with a view neaoer secured in an end-cap to form a 

Z^i«^^*JK2f£ p^te-coSction^ne. again, no 

skein are determined by the geometry of Ae header and perm may be used if the integral header is to be 
kngth of the fibers. It is unnecessary to confine a stem i> a 

modular sheU. and a skein is not 15 The fixing material to ft* the fibers in a ^J^^ r ( " 

fHoUow fiber membranes, the outs.de diameter ofa ™ S ^ Wy either a thermosetting or 

d^swcedrelationslup. substantially concentrically, cyu* surface area in the range from I m 
ftrferreTfibers areiade of organic polymers and from io m 2 to 100 m 2 . secured only 

ceffic polymers, polypropylene, polyvinyl duonde). A gas s smlbbe<1 cylindrical skeins offibers 

means. This is also true prior to spacing <»^ea < fcrdirecuy toough which gas is flowed, continuously 

above another with other spacer means such as bars. roos. y -e 



5.783.083 

10 



me first and last skeins, so that for 'V headers there are m rT^8 £oce SS may be used in the operation ofan 

actional air-tubes. Each end-cap » P«*»£^ 30 al^bio.oU reactor which has been 

commercially available synlhetic resinous "dish typically an*roo«c manbrane of this invention. The 

the shell of a heat exchanger, or a "cap for a Refitted wan^ vesse l and the scrubtang gas is 

£re tavtog a diameter about the same as the cylindrical ^ r< *^™ free as . such as nitrogen. 

SnTte formed. The upper and lower headers are a ^^.^^ Lctor may be retrofitted with at 

Sndrical discs having the same diameter, if"*"* 35 An ^™ bank of vertical cyUndrical skeins. 

Snsmay be clustered in a single row or £J stonrnade with from 500 to 5000 fibers in the range 

to a honeycomb cluster, the upper headers b^mtercon- each ston maoe ^ tanUaa g m with a permeate 

nJted fc* support, and the lower headers supported on the fromi rn roj ^ reactor without being 

m^^^^^^SSS «• ~ «-*— 40(1 Umita,i0DS 

be clustered as described, if the headers are adequately «o ""^"T 1 , Secondary clarification system. 
£te£up^in*esub«rate.A^ "ggg^ Across flow of subs^te across toe 

toteiconnected gas-tubes extend from a gas (air) manifold to J™"?* fibcrs m a "dead end" tank. If there is any flow 
^mSaj.dan^ci^ten^ldisr^.tolto «£^SS*e skein in a dead end tank, the flow 
Xn.w permeate. The type of gas (air) J ~ ^provided beneath the skein, or to such 

n^mwry Seal provided it delivers bubbles in a preferred 45 "duewac«K e^oyed to maintain the 

^ange from about 0.1 mm to 25 mm. %^J£3m. There is generally more flow and 

^distance of from 1 cm to 50 cm from the through-passages ^ ^ ^ «he skein in a tank m owluch 

generating them. substrate is being continuously flowed but the ™taatf« 

Operation of the System * M aaoss the fibers is generally too insignificant to deter 

Operation of the system relies upon Posiuonmg at least 50 J^J^ ^ ftom attaching themselves, or sus- 
ooeltein. preferably a bant dose to a pSp^icles e.g. microscopic siliceous particles, from 

air or gas to maintain a desirable flux. and. to enable pent. P • sur f a ce S of the fibers. 

£rmeJ= to be collected from a. 1 least on etoteA to ^SffiSL* me results of a ^mparison of toee runs 
able flux is obtained, and provides the appropriate trans y teachings of Yamamoto hi his 89 

^brane pressure differential of thefibers under operating 55 "g^g* jy. usmgan aerator wrdch introduced 
process conditions. kk from the side and directed it radially inwards, as is shown 

TOe transmembrane pressure differential is preferably et al. A second run (curve 1) uses the 

derated with a conventional non-vacuum pump if the a aTsernbly of the '424 patent, and the third run 

SnTm^epr^ «, f^Tj^eTT^ scrubbed skein as described herein 

purnp generates the requisite suction. A pump which gen- except mat ^ ^ of m mverted 

£aes minimal suction may be used if an adequate "liquid specjfc m< » distributor means (Yamamoto et 

hour hprovUed between the surface of the substrate and P"™*^^, Wat &i . T ech. VoL 21. Brighton pp 

SKST* which permeate is withdrawn. Moreover as a£ * »J ^ ^ by Cote et al in *e 

in greater detail below, once «taP™"^» 65 7^ pail are compared to the specific flux obtained wrth 

induced by a pump, the pump may ^„ *««"**f ^^cal skein of this invention, 
permeate continuing to flow under a siphoning effect . 
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JSlff SST— The alff«ences J**- *■ S£M!K central supply ft* tt suppUes »r 
^e«**iraent of Yamamoto et aL and that of the 424 s HW int0 ^ tubular arms and discharged into 

*fcomDarison are incorporated by reference thereto as if me * connected to the central supply stub 42 

S Si TlTvertical sfceto «"«• » p^de^die sparger 40. The lower end of *e cen^ 
^*e-424skdnonlyintheyemcalconfi^onoftoe ^ 41bpl ^ W |fc^ pB *^i^^»« 
" tft fihCTS eacn of which was about 1* longer than me 10 su.« v smb. The outer ends of me 

£5^£^*5^W43BS Stf cental stub -^-Xn 

The flow rate of air for the vertical skan is 1.4 m /hr/m PP ^ ^ ^ Qf m 

using a coarse bubble diffuser. centraUy positioned, arms 41 which are threaded at one cod. 

Twill be evident from FIG. 1 in which the specific flux. secured to the outer ends of the nipples. 
Ut^me^ per hr pa unit pressure (convenUonaU y is ^J^J^, nG . 2 . lower end-cap 22 rests on me 

^LTL (LrnWm). is plotted as a function of operating mus ^ a vcrt ical wall W to which is secured 

Zr^th^^seinblies. mat toe curve. idenUfied_ as ^^ a ^^ stnlt 52 with appropriate fastening 

Xenc* numeral 3 for the flux * e Y^g* me ^Sh 1 a nut 53 and bolt 54. A U-*^*££t£ 

wovides about the same specific flux as the parabolic skein means laterally from the base of the mounting strut Si The 
Sbri as reference numeral 1. As can be seen^each 20 ~ ^Tulaped bracket support the periphery of upper 

S "flux reaches an equilibrium condition within less arms Mui ^ ^ ^ end<ap stays B position. 

^^^^^"^I^EfE *e U-shaped bracket with a nght angle 

tote £ inverted parabolic array keeps declining but the « (no. shown). A slot in mounung 

wo assembliesTeach an equUibrium. sSSmits the U-shaped bracket to be raised or lowered 

SKSLKZ^ - the lengm of Uieflbers tends to changed 

^y fr^t ^ and lowers and the draw semce^ ^ ^ ^ 

^ach^mbined toa permeate withdrawal manifold *^ " ^ ^bte to withdraw permeate from both 
£2 ^nd-c^asa finished upper/lower header formed ^^^^end-caps through only the upper tube 
^^«W^»^-*r^^S 35 M S SneTconnX tube 33 (shown in phantom 
k^erteata 24Each header is formed by potting fibers 12 35 J^^'E^,^ the mass of skein fibers 12 

^t^e Droned by glass fiber reinforced end-caps for ^^^1^ lower zones 28 and 29. the lower 

^uS^ SlhougMhc fibers 12 axe not shown - ^zTSf^ Knd-cap 22 is simply Pegged with a 

%r^heras they would normally be. it is essential that 45 bore £1 oiuk circumstances, it does not matter 

££2 arfn* tacontact with each other, butmat they be ft™H? rf1to ||» are plugged, and permeate 

^cTap^ by I cured resin between fcen, J. . m*» ^^29 serves no essential function, the *»e 29 

S^^«^-^««SSS 50 in^Sis^scn^v^res^toanarray-A 
of a seal is afforded by the peripheries of the fibers Mmg "> nG . 4. as follows: 
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erooves therein into which the opposed ends of fibers may secured above a permeate pan. a liquid gasketing materialis 

Referrins to FIG. 5 there is schematically illustrated the gasketing lamina of thickness L1-L4. .. .. 

nrttatf a stS S I of an array of fibers which roll is The description of the method of forming a header u 
ESrf with a^bber band 18 or other clamping means as 5 detailed in the '119 parent^applicaUon. .^"^JJJ 
ftSdter^ngtormgMwWAisclarnpedCnotshown) lf^^**S2H^^^ 
tiahtlv to a flati plate 14 so .as to seal the periphery of ring 20 reference thereto as if fully set forth herein. 
SSiteS Se thickness of a stnp3o7adhesive is The restricted swayability <* £f » 
sufficient tonsure that the fibers in successive layers of the intermittent '^^mj^^'^ 1 ^^^ 
roU are kept spaced apart Preferably, this thickness is about to the potted fibers around Ime* cnxumferences. at ^terface 
toe sane as oTretatively smaller than the outside diameter of the fore face and substrate. To combat such damage, the 
5 aX prefS torn about 0.5d to Id thick, which fixing material is ^^^XZfl^l 
becomes the spacing between adjacent outside surfaces of adequate cushioning of the fibers at toe interface. Such a 
S. successive layers of the'spira.- FIG. 2A illustrates material is typically an elastomer h^.h«dne» * me 
the spiral pattern of openings in the ends 12" of the fibers. 15 range from 50 Shore A to about 20 Shore D. 
Sled whence sp£u roU is potted in a potting ring 20. Where a chosen fixing rnatenalis so hard as to era die 
Turner embodiment, a series of successively larger aforesaid damage, it is rninimized by providing an additional 
diaLteTctoX arrays may be formed, each a small lamina of material which is softer toan the fixing lamina, to 
iSnSmou^t Lger than the preceding one. and toe serve as a cushioning lamina Such a cushioning kn i » 
anws^cured. preferably adhesively; >ne to the next near 20 formed integrally with the fixing ; lamina, by pouring cush- 
S up^Sd tower peripheries respectively to form a ioning liquid (so termed for its ^^^J^Z 
dense^mdrical mass of fibers. In such a mass of fibers. the fixing lamina to a desired depth 
each array is secured both to a contiguous array having a enough 'gWe' ar«ind the 

next smaller diameter, as well as to a contiguous array minimize the risk of shearing. Such cushioning liqwd. when 
havinn a next larger diameter, except for the innermost and 25 cured is rubbery, having a hardness in the range from about 
S^^JTwS have thT smallest and largest Shorn A 30 to Sh«e D 20. and is preferably « polyure^ 
diameter, respectively. After the nested arrays are potted in or silicone or other ekstomenc niater^ wrach ^ ^ere 
ring 20. the resuldng pattern of concentric circles formed by to the fixing lamina. Upon removal of me fugihvelarmna. 
the open lower ends 12" of the fibers in the lower face 24b the finished header thus formed has toe combined thick- 

trTlow Jhe^te is illustrated in FIG. 2B. 30 nesses of the fixing lamina and the cushioning lamina, when 

To make a skein with plural arrays arranged chord-like the strips 15 are cut away. 
wiL a ring 20 or resin-confining means, plural planar As illustrated in FIGS.2 and3. a ^ ted ^grdh«»te 
arrays are formed on pairs of ships, each having a length may be directly formed in end-caps 21 and 22 into which 
corresponding to its position as a chord within a potting ring permeate is to flow, thus i solving toe pr oblem of seahng a 
in which the skein fibers are to be potted. That is. each array 35 conventionally formed and demolded header in a permeate 
is formed on strips of diminishing width, measured from the pan. ... „.„„,,. „ 

central array which is formed on a strip having a width Referring to FIG. 6 there u scbe^^y musttated a 
slightly less than the inner diameter of the ring 20 in which skein 60 with convetmonally formed and demolded upper 
mertack is to be potted. The arrays are stacked within the and lower headers 63 and 64 respectively potting toe ter- 
rins the widest array corresponding in position to the 40 minal portions of fibers 12. Each header is formed as 
^^oT^T^^^^«^^ described in U.S. Pat. ^. 023. Trends of fibersm 
arearequired in alkdn. the greater the number of fibers in an array held in a spiral roll with a rubber band are dipped 
each array, the bigger the diameter of the ring, and the wider in resin or paint to prevent resin penetration into thebores 
each chord-likelrray. The plural arrays are preferably of thefibers durtag toe pottmg proems. The j sndsof the k>U 
adhered one to the other by coating the surfaces of fibers 45 are then placed in a mold and uncured resin added to saturate 
with adhesive prior to placing a strip of the successive array the ends of the fibers and M the spaces between toe 
on toe fibers. Alternatively, the stacked arrays may be held individual fibers in the roll. The cured wo } ied J a ^ 
with a rubber band before being inserted in toe potting ring. removed from the molds and the molded ends cut off (see. 
The resulting chord-like pattern of the open lower ends 12" bridging cols 11 and 12). 

of the fibers in the lower face 2Ab of the lower header is 50 Upper header 63 is placed agatnst toe hp 67 of a stainless 
illustrated in FIG. 2C. Ease of handling and toe desired steel permeate pan 61 and sealed in it with a peripheral 
density of fibers per unit area of header will normally gasket 65 placed circumferentiaUy between toe vertical waU 
determine the choice of an embodiment for forming toe of the header 23 and the vertical peripheral surface of the 
potted skein wall 66 of the permeate pan; alternatively, as illustrated in 

Referring further to FIG. 5, toe ring 20 serves the function 55 lower permeate pan 62. toe gasket 65 may be placed 
of potting pan for forming the upper and lower headers. between the lower peripheral surface of toe lower header 64 
After the skein fibers are potted in finished headers, and the and toe peripheral lip 67 on which the header rests. A 
fibers checked for leaks so that any individual defective fiber suitable sealing gasket or sealing compound typically used 
may be plugged, the ring is snugly held in an end-cap (not is a polyurethane or silicone resin. The periphery of each 
shown) which serves as a permeate collection pan. The ring «o header is secured to its respective permeate pan with screws 
20 may be adhesively secured in toe end-cap or is held in or other suitable fastening means to ensure a fluid-tight seal 
fluid-tight engagement with it using a circumferential gas- The strips on which the array of fibers was held prior to 
ket Whether the strips separating successive rows of fibers being potted remain in the header, though not shown in the 
are to be retained will determine the depth LI or LI' of Figure. 

fugitive header. The header of fixing material (thickness 6S As seen, the open ends of toe embedded terminal portions 
L1-L2) may have a cushioning layer (thickness L2-L3). If 12' of the fibers arc in the same plane as the lower face of 
a gasketing lamina is desired, when the header is to be the header 11 because the fibers are conventionally potted 
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and the header sectioned to expose the open ends. In this and cured, first one then the other .in the :ring. ^fjffg, 
SorartnXd. sectioning the mold unavoidably damages header 84 is formed with ^Sf^J^TJt, 
a?tea7 "me knd typicaUy. a substantial number of the embedded, and terminal portions 12b" proWduig from the 
eLScd fib^ Peme^ connector tube is press-fitted header's aft face. Upper finished header 83 is formed with 
whS itis Sd toSrough-bores in the upper and lower 5 intermediate portions embedded, and 
teLfers aft£ ftTv are demolded and the plugged ends of the I2u" protruding from the header's fore face. After the 
fi^^utawav As beforethe^ein I p^vided with a finished headers 83 and 84 are formed and the fibers checked 
m iSlS °ya to£ air supplftube 44 and the for defects, the upper end 96u of the air supper tube 86 is 
KemeTSn 62 rests on floor Ftf a tank. The upper inserted through a central bore 88 in upper *+~9*-* 
™a^a7 re *Ton a U-shaped bracket 51 positioned so 10 sealed within the bore with seabng compound or a coEar 89 
permeate pan reason a v i sn^icu i~ Preferably the permeate tube 85. the air supply tube 86 and 

S iTt^SSitKl method of the collar^ a^Tmade of PVC so that they are easily 
nott^diXse<lherein is used. Because this method denies cemented together to make leak-proof connections 
re^ ac^sTtoeTnds of the fibers once finished headers As shown, permeate may be withdrawn through fte 
a^foi^ wi ring oVan end^ap. the ends of the fibers is permeate tube 85 from the permeate collection zone m the 
JcStmr lowef face 246 oHfc lower header 24 and lower ^fl ^S^^S^S^S^ 

TS ^L is illustrated a skein 70 with meate port 81p may be plugged and pe^ wimdrawn 
lower end car* in which are sealed upper and 20 from both end-caps through me permeate tube 85 

2te respectively, after the fibersin the skein are tested to air supply tube 86 are mserted through a T-fitttng 101 

^fJ^TJnv ^defective Before an array is rolled into through which air is supplied to the air supply tube 86 The 

f S as beta< alS 4oS a^gW L-supply tube lower end 101* of one of the arms of the T 101 is sUp-fitted 
J^t^Z'^^^f^^^ 25 and sealed around the air supply tube. The :upper e* 1101« 

%^^S£y*S*U *e roll. The of the other arm is inserted in a reducing tahug 102 and 

tow» »d of toe roll is then potted forming a lower finished sealed around the permeate tube. Air supphed tomttke 103 

EEr M ?n wMch the l<^eVend 46 of the aix-supply tube of the T 101 travels down the annular zone between the 

In an analogousmanner. an upper header 73 is formed in just above the upper face 84m of the lower header 84. J is 

"S7^^ illustrated <o wall W of a tank. The permeate wimdrawal 0.^85 are 

u^dloCS^^^ « flexibiUty than if maXloedwim v^drawal mb« 85. and 

^ 1 ^n^M^^veW For ease of manufacture. also to permit flushing the skein fibers. All connections to 

m end-caps 81 and 82 ^^^^^^^^ TODduits ^ the bank are made to the upper end-caps for ease 

^:^Z t^^^^^ of operation. A skein with rehmvely low surface area may 

u^mSef end 8^ oTtee air supply tube 86 and have as few as 100 fibers, while a A» wdh> rd£dy arge 

5£mt^du^^ P^^^rf^-^ranr^rS 
«M fwhleh S held at each end with rubber bands. The 53 suction side of a centnfugal pump which will provide 

Shore D. and most pr «^ ™ a itoabout 20 Shore D a backwashing fluid through the permeate manifold under 

S aV PTO 921 sufficient presLe to force the fluid through the pores of the 

and ftVfugitive resin and finishing resins poured through one permeate tube (as for example one connected to 
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**» 1" «*> ^h'^SEK! fud, pu^suted « tt.9 Umin (5 gpm) ® lSHg. « (i) 
by blocking flow of permeate torough on fie" Melmpeller centrifugal pumps, e.g. Jabsco 

pressuring 

backwashing fluid througn inc «n« ^ #30510-2003' (U) air operated diaphragm pumps, e.g. 

alone" bank or cluster 120 of skeins, four of which are EXAMPLE 1 

' S Scans TwoviL by the concentric concentration of 25 g/L (2.5% TSS) is earned out wtt a 

*^ rf * w ~"'5^S7w Jlcfth etank. toother is the range from about 5 mm to 25 mm in nominal diameter. 
t^tTcluT^ S^STt? toe wall-mounted £, .A sufficient not only for the oxidation r^remen* 
£%^sSed toFIG TaTwM now be evident, the of the biomass but also for adequate 7*^«J 

t^r^h^nt^WxUor drainage of accumulat- 30 transmembrane pressure differential is about 34.5 kPa (5 
slope T^J^SS^jJX ma? be individual. psi) . Permeate is withdrawn through a conduit connected to 

^rbKntinucTcyundrical baffles (shown) are pre- is withdrawn at a specific flux of about 07 lrnWa 

^Se of wWch baffles are used, die baffles are yielding about 4.8 1/min of penneate which has ™*l*J*< 

^L XZtbSm peripheries are located at a 35 Lbidity of <0.8 OTU. which is a turbidity not d*cernible 

chosen vertical distance above the bottom. Feed is intro- to the naked eye. 

duced through feed line 94 in the bottom of the tank » unul EXAMPLE 2 

*^£tti^^i££» c r &>a rf a Vertical (ZW 72) h 

^^^^^ ^^i ° ^TlSoSrconiparison. three pairs of identical 

the periphery of the inner wall of a tacceactor Wwito ^wmVS ^slackfibers are variously positioned (as 

suitable mounting means in an outer annular permeate sKans wim qy bioreactor. Each pair is 

faction zone 95' (FIG. 13) fanned between the crate ^^f^^Xh^ge of air through identical 

outer baffle 91 and the w«U of the tank 9* at a depto ^ ^guTbufnot^uMe headers are chosen to 
sufficient to submerge the fibers. A d*r£c*°n zone 91 « 45 ^^^^^^^^ between each of two 

defined between the outer circular baffle 91 and mer orientations, which difference would not exist 

circular baffle 92. The inner circular baffle 92 provides a f n ntal skcin with cylindrical headers. A pair of 

vertical axial passage 9Z through which subs** : .sfcdto* ma £S^^SL each having headers 41.66 cm 

the tank 90. The side-by-side skeins form a dense curtain of Jj^^fj^ i 0 .16cm(4in) in width (y-axis) 

fibers hanging verticaUy between uppe, 50 in height (z-axis). in which are potted 

end^aps. Permeate is withdrawn through F^ate ^ ^296 gn^n® MF200 mkrofiltration fibers presenting a 

foldsBS and 155 and air is introduced through air-imnifold 129€ ,^onw »™f 0 f 6.25 m 2 . were tested in three 

li.pUc^^ttata"'"***^!*^ ^ t fl ^£ s ^ a bicVeactor bating domestic 

ing out with connections «> adjacent end^p. Because^ used are the same as those used in 

is sparged between fibers in such a manner as to have wanew between opposed faces of 

bubbles contact essentially the entire surface of etthfiber 1 itt) which is about 2% less than the 

which is continuously awash with bubWes wbfcthe fibers f^ 8 ^^^ m mosc headers, 

are vertical, the air is in contact wrft the * *J Ta LflTest thftwo (first and second) skeins wae 

fibers longer than if they were arcuate, and the air isused to a um«i 1 direction along the 

tnost effectively to maintain a high flux or a longer period «o ^™ ^ a 2.5 cm (1 in) thick spacer between 

of time than would otherwise be maintained. SeheadetT the headers of each skdn being in a horizontal 

It will be evident that if the tank is at ground level toere toe ^^]£*4166 cmx7.62 cm) is spaced apart 7.62 

will be insufficient liquid head to induce a desirable ^quid ^^^^Tm lies triors in toe 

head under gravity alone. Witoout an ^e^honmg cm(3 ^)abov ^ ^ ^ 3 ^ {M251 

effect a centrifugal pump may be used to r*-oduce the 65 ^ ^ which is directly above the aerators 
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In a second test, the same first and second skeins are each * ot ™^^™ support was used as the central air 

"tated 90° about the - ^ aJtff^STA. five 4" lengths of * 

^n^on7a^a1^by^ai6 crS.62 m) is spaced pipe with '/." holes at 1" intervals, plugged at one end. in 

T»X2 mTaertoTas in the prior test. 5 opVn flow communication with the central p^fomunga 

^toaZrJtest uTftrsi and I second skeins are placed spoke-like sparger within the skein, at the base. The number 

side-bv-side in vertical orientations and aeration is provided of no i cs fa about die same as the number ^ meexternai 

wSi a rectangular tube around the periphery of the skein. aerator . and the flow rate of air is the same. As before the 

with perforations in the tube, and there is no internal aerator. holes discharge me air laterally within the skein, and the air 

Each test provides the fibers in each orientation with the w b]lbUes ^ vertically within me skein, and exit the skein 

identical amount of air. Permeate was withdrawn with a ^ upper header. 

pump with a NPSH of 0.3 bar (10" of Hg). The conditions m M is a plot of flux as a function of tune, until the flux 

were held constant until it was observed that the flux re!l)dhts m equilibrium value. Thereafter the flux may be 

obtained for each test was substantially constant, this .being j^j^d by back pulsing at regular intervals. As is 

the equilibrium value. After this occurred, each skein was evident me equilibrium flux with external aeration is about 

back pulsed for 30 sec with permeate every 5 minutes to ^ ^ whfle me Qux ^ internal aeration is about 9.9 

maintain the flux at the equilibrium value. " w Mch is nearly a four-fold improvement. From the 

The test conditions for each of the above three runs were as J-m« w 3^ ^ ^ . { b well . toown that 

follows: 1O0 „ flux is a function of the flow rate of air. all other conditions 

TSS in bioreactor 8 g/L; Temperature < »£ 4 „ £g ^Hame during normal operation, a higher flux is 

How rate of air 0.2124 mWskeur, Suction on fibers 25.4 20 being Uje^ ^ ^ ^ flow of 

cm of Hg _ 

FIG. 13 is a bar graph which shows the average flux over EXAMPLE 4 

a 24 hr period for each orientation of the skein as follows: Comparison of skeins m which one has swayable fibers, the 

- „, other does not . 

1 TZJZZZZZ 25 The slackness in the fibers is adjusted by decreasing the 

Average mnlVm/hr over 24 br „ slack is present 

Horizontal flat 21.2 lmh (fibers are taut) when die headers are spaced at a distance 

Horizontals 17,8 H2 which is the same as the length of a fiber between its 

v«tkal 27 7 opposed potted ends. A single ZW 72 skein is used having 

' 30 a nominal surface area of 6.7 m 2 is used in each test, in a 

This conclusively demonstrates that the vertical orientation biorcactor to treat wastewater contarninated with ethylene 

of the skein fibers produces the highest overall flux. . . Aeration & provided as shown in FIG. 9 (no internal 

EXAMPLE 3 aeration) with lateral discharge of air bubbles into the skein 

tTmi test the difference in flux is measured in a biore- that the fibers are taut and could not sway, 

actor treating wastewater contaminated with ethylene i„ te ^nd test, the headers w^^^ 0 *? b ^ 

dvcol. the difference depending upon how a single cylin- ^ causing a 2.5% slackness in each fiber, permitting the 

drical vertical skein (ZW 172) having a nominal surface area slack fibers to sway. 

or^rn^ aerated with 3.5 L/min (7.5 scfm). The skein is *° As before the process conditions, which were held con- 
formed as shown in FIG. 1« around a central PVC pipe stant over the period of the test, were as follows: 

having an o.d. of 7.5 cm. me fibers being disposed jn an 

annular zone around me central support. Jhe radial wid* tf SusDendodK>lkls Temp^of**- ioj-c. 

the annular zone being about 7.5 cm. so that the o.d. of the ^ Su^»bd* njfc 25.4 an of Hg 

skein is about 11.25 cm. , m'/nun; 

In a first test, air is introduced within the skein; in a 



in a iu»i u^**-. *•» . , . — 

second test air is introduced around ^J^^TLy,,^ ftO 15 isaolotofflux as a function of time, until the flux 

skein. After equilibrium is reached, operation is typically HG. 15 ; is ^ P»« £ ^ ' 1 - the flux may be 
continued by back pulsing the skein with P*™^'*^ » S^gESSS -3SfE5i« beforein 

intervals of time, the interval dependmg upon howq^y ™w*uned by bacK pumng ^* flux with no 

me fibers foul suffldendy to decrease the flux substantiaU^ * S ^l?SUm. while the flux with 2.5% 

The process conditions, which were held constant over wayabuityi gJJ&IJni ^ a ^ 

the period of the test, were as follows: suck is acorn isu. 
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ment 

EXAMPLE 5 



™r-« ST^ filtration of water with a vertical cylindrical skein to ob*in 

clarity 

^ . ■ A cylindrical skein is constructed as in FIG. 16 with 

60 zenon® MF200 fibers 180 cm long, which provide a surface 
For external aeration f 0 - 2 in rviindrical headers having a diameter or 28 

A perforated flexible tube with holes about 3 mm * ^fi^JJ^vLT^d. of 30 cm. Aeration is 
diameter spaced about 2.5 cm apart was wrapped around die ^J^^.^"^K^R^erforated cross-arms with 3 
base of thVzW 72 skein and oriented so mat an is dis- ^SlTSd^ about 10 liter/ 
charged in a horizontal plane, so that bubbles enter laterally mm ? n ^^ fln Xd ^/mln) of air. This skein is used in 
A skein. " SSS^J^JSSEf whid, «, provided 

S^^ttS^— be^ln JSoe. permeate is withdrawn with a cenh^- 
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gal pump having a NPSH of about 03 bar (lOMIg), and 

aW^Lbriuxn is reached the skein is baclcflushed for 30 ^ l ^ m me averse (y-axis 

^tiCT^ having 10 mg^TSS hS) ^Tto provide at least one row, an^ically 

5 plural rows of equidistant* spaced apart fibers^ Less 

*^£3S££^ a multiplicity 

A "5 lo E " reduction (reduction of original concentration random pattern. The opposed ends of fi ^"*™" 
t Inori^uL^) of bacteriaT algae, giardia opposed headers so that substrate does ^ n ^ a ^ 
2d ^oZ^d^^y be obtained, thus providing permeate in permeate collection means in which the headers 
notable wateV io are peripheraUy sealed. 

B Fttration of Raw Sewage with 100 mg/L TSS "bundle w -^lural elements held together. e.g. plural 

Result-permeate having 0.0 rag/L suspended solids is 2mys whicn may be a stack of planar arrays, or arcuate or 
withdrawn at a rate of 1000 LPH (liters/hr) with a circular arrays, or a rolled spiral 

turbidity of 0.2 NTU. Plural such skeins may be used in » ban r__used for brevity, to refer to a bank of skeins; in 
a bank in the fully scale treatment of industrial wastewa- i5 me bank ^ a row (or ot her configuration) of lower headers is 
ter. i aaa /i directly beneath a row of upper headers. 

C Filtration of a mineral suspension containing 1000 mg/L 44cylindrical g^uf—a vertical skein in which the perme- 
TSS of iron oxide particles collection means has a cylindrical configuration. 

Result-permeate having a ™ "dead end tanT-a tank or bioreactor from which no 

SSsSl was^a^conSng mineral particles. «-used for brevity to refer to hollow fiber mem- 

D Filtration of fermentation broth with 10.000 mg/L bac- branes. 

terial ^5 "flux"— unit flow (liters/hr), through a membrane of unit 

Result— permeate having 0.0 mg/L suspended solids is ^ surface area (meter 2 ), flux is given as Lm h or LMH. 

withdrawn at a rate of 1000 LPH (liters/hr) with a materiar—material which is either (i) soluble in 

turbidity of 0.1 NTU. The broth with a high biomass & jaBaixaa m whicn ^ fibers and fixing material are not 

concentration is filtered non-destructively to yield the of ^ fluidizab i e by virtue of having a melting pomt 

desired permeate, as weU as to save living cells for reuse. ^ ^ crystalline) below mat which might 

FX AMPLE 6 30 damage the fibers or fixing material; or, the material has a 

„ . , xAi„i dass transition teinperature Tg (if the material is non- 

JSS^ f r^ g ^ e non - fugitivc header; (m) ^ 

to obtain solids-free water samples for colorimetric soluble and fluidizabie. 

analyses (ii) surface water for use in a recreational vehicle 35 "header"— a solid body in which one of the tenmnalena 
rcamoeh or motor home, or (ii) water from a small ^ 0 f C ach one of a multipUcity of fibers in the skein, 
aquarium for fish or other marine animals. is sealingly secured to preclude ^^^°^^^ f 

A cylindrical nuni-skein is constructed as shown in FIG. mg me permeate in the lumens of the fibers. The ooay is or 
16 with cylindrical headers having an o.d. of 5 cm (2") and arbitrary dimensions formed from a natural or synthetic 
a thickness of 2 cm (0.75") with 30 fibers, each 60 cm long 40 res inous material (thermoplastic or thermosetting), 
to provide a surface area of 0. 1 m 2 . The skein is mounted on integral header"— combination of header and permeate 
a base on which is also removably disposed a blower to collection means, in which combination the header is 
discharge 15 IVmin of air at 12 kPa (3 psig) through a peripherally sealed in fluid-tight relationship with the per- 
sparger which has 1.6 mm (0.0625") openings, the air ^ meate co u ec tion means. 

flowing througi the skein upwards along the fibers. Also . nntegral smg l e skein"— a skein in an integral finished 
removably mounted on the base is a peristaltic : pump which formcd m the permeate pan or end-cap, sealing the 

produces a vacuum of 0.3 bar (10" Hg). In each application, ™ ^ 

the self-contained skein with integral permeate P^ and .^.^^ sdf^ontained gas-scrubbed assembly of 
gas-discharge me^ns, is ^^gST^^' 50 * sS SngT surface area less than about 5 rf. in 
^1^^ are listed combination 4h an integraUy packaged gas blow, and 

permeate pump. 

Xw sewage contains 100 mg/L TSS; permeate contain- ^component liquid feed-fruit juices to be dotted 
0 0 Trying a turbidity of 0.2 NTU. is or concentrated; wastewater or water contauung particulate 
wtoiLSoYLPa 55 matter, proteinaceous liquid dairy products such as cheese 

Hi) Aquarium water withdrawn contains 20 mg/L TSS, whey, and the like, 
including algae, bacteria, fungus and fecal dendritus; "non-vacuum pump"— generates a net suction aae pres- 
oermeate containing 0.0 mg/L TSS having a turbidity of sure difference, or. net positive suction head (W rM*;. 
02 NTU. is withdrawn at 0.1 LPH. m adequate to provide the transmembrane pressure differential 

(ifflPondwateTwimdrawncont«nslOnig/LTSS;r«riM^ 60 generated under the operating conditions; may be a 
containing 0.0 mg/L TSS having a turbidity of 0.2 NTU. centrifugal, rotary, crossflow. flow-through, or other type, 
is withdrawn at 0.1 LPH. "permeability"— flux per unit pressure. Lm h/kPa; some- 
GLOSSARY times referred to as specific flux. 

. • a.a w in *<• ss "permeate collection means"— receptacle beneath a 
The following glossary is P^.^™J»*? " header in which receptacle permeate collects. 



